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ABSTRACT
The origin of metamorphic zones of the Blue Ridge is attributed to metamorphic events that
affected sedimentary rocks of debated age, leading the topic to be controversial and continuously
studied. The present study seeks to refine the metamorphic isograds of the Tennessee Blue Ridge
based on Barrovian index minerals in pelitic rocks and the texture patterns these pelitic rocks present.
Methods used in the present study are supported by conventional petrography, powder X-ray
diffraction, and by GIS and digital image processing.
Metamorphic isograds in the Blue Ridge have been determined mainly by identification of
index minerals using a polarizing petrographic microscope. Applications of GIS and digital image
processing in geologic studies are countless, but few researchers have applied these technologies to
study spatial relationships among minerals in a rock. The use of GIS and digital image processing in
studying these minerals could provide a more efficient and precise means of mineral identification
and determining the location of metamorphic isograds.
A total of 8 samples of very low- to medium-grade metamorphosed pelitic rock have been
collected along US HWY 64. The mineralogy of each sample was analyzed both by powder X-ray
diffraction and in thin section, using a petrographic microscope. Photomicrographs were taken of
each thin section under plane-polarized and cross-polarized light and were processed to study in GIS
environments. Tools in ArcGIS and ERDAS Imagine software were used to make reproducible
measurements for comparison and quantification of different minerals in photomicrographs.
Classification images were produced and thematically show mineral classes and rock fabrics.
Reflectance values of Barrovian index minerals were identified. These techniques help refine the
positions of isograds between the metamorphic zones and can be further explored and applied to
other metamorphic rocks containing these minerals in the Blue Ridge.
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INTRODUCTION
Study Area
The Blue Ridge province of eastern Tennessee and western North Carolina has a complex
geologic history. The Blue Ridge province is located between two major faults, the Great
Smokey Thrust Fault to its west and the Brevard Fault zone to its east (Fig. 1). The theory of the
origin of its metamorphic zones is attributed to mid-Paleozoic (~450 Ma) metamorphism of
Precambrian (~600 Ma) sedimentary rocks (Carpenter, 1970). In the Precambrian, the crystalline
basement of Laurentia was rifted and formed a marginal marine setting where sedimentary rocks/
turbidites (the Ocoee Supergroup) were deposited. In the Ordovician, an island arc docked on
Laurentia, which folded, metamorphosed, and transported the Ocoee Supergroup onto Laurentia
in an event known as the Taconic Orogeny. There is ongoing controversy about the age of the
Ocoee Supergroup and the age of metamorphism, mostly due to the discovery of unconformity
boundaries and Silurian age fossils in the Western Blue Ridge (Tull, 2012; Unrung, 1990). The
area where this specific study takes place is along the Ocoee River Gorge which is a great
representation of tectonics in the Southern Appalachians. The stratigraphy and the effects of
metamorphism here show the transition from the foreland to the internal parts of an orogenic belt
(Hatcher, 1986). The samples that were collected are pelites of the Ocoee Series (Precambrian in
age and metamorphosed by the Taconic) (Hatcher, 1986). See Fig. 2 for location map of samples
collected.
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Metamorphic Isograds
True metamorphism is considered to begin with the greenschist facies which is the stage
where the rock is recrystallized and therefore mineral assemblages occur where they could not
have formed in a sedimentary environment (Weaver, 1984). The transition between the
anchizone and the epizone (start of low-grade metamorphism) is when the original clay alters to
greenschist minerals such as chlorite and illite (the precursor to mica) (Weaver, 1984; Winter,
2010). As the degree of metamorphism increases, lattices of clay minerals become more ordered
and the layers less mixed (Winter, 2010).
Metamorphic isograds are lines that connect locations of the same metamorphic grade,
therefore separating zones of metamorphism. These isograds are defined by the appearance of
index minerals. In pelitic rocks, the following index minerals appear with increasing
metamorphism: chlorite, biotite, garnet, staurolite, kyanite, and sillimanite. Hurst and Schlee
(1962) determined the positions of the biotite, garnet, and staurolite isograds in the Ocoee River
gorge. Carpenter (1970) confirmed these boundaries by conducting a study involving the
identification of metamorphic minerals in stream sediments. Although Carpenter (1970) agrees
with the predetermined isograds, they are projected in many areas and are not very precise. It is
also important to note that due to the chemical composition of the protolith and pore fluid, the
index minerals can be developed or lost in rocks across the isograds (Winter, 1986). For
example, it is possible that chlorite could appear in the biotite zone and then not appear in the
garnet zone.
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Barrovian Minerals
Descriptions of the Barrovian minerals in thin section are shown in Table 1. The table
includes common colors in plane-polarized light (PPL) and in crossed-polarized light (XPL),
form, cleavage, relief, and distinguishing features (Perkins, 2004). These characteristics were
used to identify the minerals by petrographic microscopy.
Table 1: Barrovian minerals, as they appear in thin section.

Color in ppl

Chlorite
Normally colorless
to medium or olive
green, rarely pale
brown

Color in xpl
(interference
colors)

Weak, anomalous
colors (blue, purple,
or brown)

Form

Flaky/scaly crystals,
or thin to thick tabs;
Sometimes
pseudohexagonal

Biotite
Pleochroic (X=
colorless, light
tan, pale green/
brown, Y=Z=
brown, olive
brown, dark
green, dark redbrown
Range up to
second-order
red. Flakes
lying on
cleavage show
low- order
colors
May be
hexagonal
plates or tabs;
commonly
elongate flakes
or aggregates

Garnet
Colorless or
pale pink, red,
brown, green,
or gray. Rarely
dark colors

Staurolite
Yellow or
pleochroic (X=
pale yellow, Y=
light yellow, Z=
reddish color)

Isotropic
(completely
black in xpl).
Although, some
varieties show
weak
retardation
Euhedral
crystals, six- or
eight-sided.
Irregular
polygons or
subhedral to
anhedral
crystals also
common

Max colors are
first-order
yellow to red

Commonly
euhedral to
subhedral
crystals. Short
prismatic
crystals may
have wellformed, sixsided crosssections
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Cleavage

One perfect cleavage One cleavage

Moderate to high
Relief
Distinguishing Flake-like crystals or
replacement patches;
Features
anomalous
interference colors;
normally greenish
color but varies

Moderate
Pleochroic;
Mottled “Bird’s
eye” extinction.

None, but
irregular
fractures
common
Very high
High relief,
isotropic,
colorless but
often with pale
tinge, irregular
fracture, often
with inclusions

One poor, not
usually
observed
High
Pale to strong
yellow color,
normally
pleochroic; may
have six-sided
cross sections

Powder X-Ray Diffraction
X-ray diffraction techniques are fundamental in the study of crystalline structures. The
powder method of X-ray diffraction is especially useful for mineral identification. A mount with
a powdered sample will ideally consists of randomly oriented crystalline particles (Klein et al.
2007). When x-rays strike the sample, random orientation ensures that the Bragg equation,
nλ = 2d sin θ, is satisfied for each set of atomic planes with unique interplanar spacing (d),
(Klein et al., 2007). The x-ray detector rotates around the sample and collects the “reflections”
from the atomic plane as electronic counts and records diffraction peaks (Klein et al., 2007).
With this resulting pattern of 2θ plotted against relative intensity (counts), the user can identify
the minerals through searching for identical diffraction patterns in a powder diffraction database
(Klein et al., 2007).
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METHODOLOGY
Sample Collection
Samples were collected on Thursday, April 27th, 2017, in the company of Dr. Habte
Churnet, and fellow student Jonathan Stanfield. Conditions were suitable for collection.
A total of seven samples were collected along U.S. Hwy 64 within the Ocoee River
Gorge. Each sample was intended to be collected on either side of the metamorphic isograds
(Fig. 3). The locations of the isograds were transferred from a State Geologic Map of Tennessee
(Hardeman, 1966) (Fig. 2). Isograds referred to henceforth are those determined by Hurst and
Schlee (1962) and by Carpenter (1970). Collection sites were planned beforehand using the
geologic map, Google Earth Pro, and knowledge of the area. Latitude and longitude coordinates
of the sample locations were extracted from Google Earth Pro using WGS84 datum.
Sample 1 was collected at an earlier date by Jonathan Stanfield for his previous work. He was
gracious enough to donate his samples for the project and thus collection at the first location was
unnecessary. The sample was collected near the Ranger Station and just east of Oswald Rd. (~50
m). This is located west of (below) the chlorite isograd and therefore in the anchizone.
Latitude: 35° 5'58.26"N

Longitude: 84°36'24.91"W

Sample 2 was collected about 300 m east of Madden’s Branch (which is determined to be the
chlorite isograd) and therefore within the chlorite zone.
Latitude: 35° 6'31.85"N

Longitude: 84°33'27.75"W

Sample 3 was collected across from the pullout of powerhouse 3 around mile marker 19.4. This
is within the chlorite zone.
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Latitude: 35° 4'9.78"N

Longitude: 84°28'31.19"W

Sample 4 was collected across from the Ocoee Whitewater Center around mile marker 20. This
is just east (~100m) of (above) the biotite isograd and therefore within the biotite zone.
Latitude: 35° 3'59.33"N

Longitude: 84°27'39.19"W

Sample 5 was collected at Boyd’s Gap within the biotite zone.
Latitude: 35° 2'37.21"N

Longitude: 84°25'38.13"W

Sample 6 was collected in the parking lot of Raft One (4599 US-64) which is east of Brush
Creek. This is located about 200 m west of (below) the garnet isograd and is therefore within the
biotite zone.
Latitude: 35° 2'11.93"N

Longitude: 84°25'38.13"W

Sample 7 was collected in the parking lot of Piggly Wiggly (125 Five Points Dr., Ducktown
TN), within the garnet zone.
Latitude: 35° 1'51.26"N

Longitude: 84°22'59.64"W

Sample 8 was collected on Pack Mountain Rd in North Carolina, within the staurolite zone.
Latitude: 35° 4'10.17"N

Longitude: 84°17'54.94"W

Thin sections
The production of thin sections began in the fall semester of 2017. After the samples
were separated and organized, multiple small slabs were cut from each sample (more than one
were made in anticipation of error since making a thin section is a delicate process). Rectangular
“billets”, cut from slabs, were polished on one side and then glued to a glass slide using Loctite
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AA 3494, a UV-curing epoxy. After the billet was epoxied, the thin section machine was used to
cut off the bulk of the billet and grind the thin section to about 30 microns (µm). The final step
involved hand grinding until the adequate thickness for each thin section was reached for
petrographic analysis.

Photomicrographs
Thin sections were observed using a Leica DM EP Polarizing Microscope. The polarizer
below the stage transmits plane polarized light that vibrates in a N-S direction. The analyzer
above the stage transmits light in an E-W direction (Klien et al., 2007). When the analyzer is
removed, the thin section is viewed in plane polarized light (PPL). When both polars are in
position, they are “crossed” and the thin section is viewed in cross polarized light (XPL).
Interference colors are observed in XPL and in different orientations by rotating the stage.
Photomicrographs were captured by a Leica DFC320 camera attached to the microscope
and hooked up to Leica Firecam Software on a personal computer. It is important to note that
images were captured in a consistent environment (light source, light intensity, etc.) and at a high
resolution.
Images were taken in both PPL and XPL and at various magnifications: 4x/0.1 Pol,
10x/0.25, and 40x/0.65.
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X-Ray Diffraction
In preparation for powder XRD analysis, each sample was crushed into a fine powder.
Each sample was then backloaded into a sample holder by taping the holder to a glass plate,
loading the powder, attaching the metal back piece, and then carefully releasing the sample
holder from the glass plate.
The X-ray diffractometer used for analysis was manufactured by Philips Analytical. The
primary components of the instrument are a PW1830 X-ray generator with a PW2273 long finefocus x-ray tube and a PW3550 goniometer. The instrument is equipped with a diffraction
system that includes a divergence slit assembly, a sample chamber, a receiving/ scatter/ soller slit
assembly, a secondary monochromator, and a Xe-filled proportional detector. The instrument is
supported by PW3710 data acquisition and control electronics, a Pentium III computer, Philips
Xpert and Xpert Plus software, and a Haskris R100 recirculating water chiller. The instrument
used Cu Kα1 radiation that has a wavelength of 1.54056 angstroms (λ= 1.54056 Å) for the
analysis. An accelerating potential of 40 kilovolts (kV) and a filament current of 40 milliamps
(mA) were used to generate x-rays.
Each sample was initially scanned at the following parameters:
Range: 80°
Step size: 0.040°
Time per step: 0.40 s
2 theta: 45° (center position of scan)
Total time: 13 min, 20 sec

Beitel 13
From this information, a unique absolute scan was created for each sample (Figs. 5-12). Count
time and scan speed were calculated based on a high-intensity low-angle peak. Creating an
absolute scan program tailored to each sample ensures accurate data and better definition of each
peak.

Software
Analysis was conducted using ArcGIS 10.3.1 for Desktop and ERDAS Imagine 2016.
The photomicrographs were imported into the software as JPEG files and displayed as 8-bit
raster images.
The photomicrographs were captured in color and displayed using an RGB color
coordinate system. This system is based on additive color theory (when light is mixed rather than
pigments which uses subtractive color theory) (Jenson, 1996). Using an 8-bit image and the
additive color theory, it is conceivable that 256^3 or 2^24= 16,777,216 color combinations will
be displayed (Jenson, 1996).
A crucial aspect in performing the analysis in ArcGIS and ERDAS Imagine is using the
unique characteristics of minerals in thin section. Chlorite, for example, is greenish in PPL (Fig.
12) and therefore displays a unique color band combination compared to the other minerals
around it. Its unique RGB coordinates can be easily detected and therefore quantifiable by the
software.
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Analysis of Photomicrographs
A critical step in the extraction of information for digital image processing (DIP) is image
classification. Unsupervised and supervised classification were applied to the photomicrographs;
both are common techniques in multispectral image classification (Aydemir et al., 2004). In
remote sensing, these techniques are used to convert single/multiple band imagery to thematic
data in order to map spatial distribution, typically land cover features. Here, they are used to
determine the quantification and distribution of minerals based on form and color.
Unsupervised Classification
Unsupervised classification is a type of image classification where mathematical
operations determine natural groupings of the spectral properties of pixels (Jensen, 1996). The
operator can make initial selections such as number of spectral classes and iteration numbers but
this technique ultimately requires little initial input from the user (Aydemir et al., 2004; Jensen,
1996). Pixels with similar spectral characteristics are grouped into unique clusters that can be
relabeled and combined into information classes (Jensen, 1996).
Using ERDAS Imagine, an image of each sample in PPL and in XPL were stacked using
the tool Layer Stack to combine the RGB values in both images (3 bands turned into 6 bands).
These values were then condensed to 3 bands using principal component analysis (PCA). PCA is
a data compression technique that converts original spectral bands of an image into a smaller set
of variables that ultimately represents the original dataset (Jensen, 1996). PCA reduces the
dimensionality of the data.
The option of unsupervised classification is found under the “Raster” menu. The
statistical clustering algorithm that used was the Iterative Self-Organizing Data Analysis

Beitel 15
(ISODATA) technique. 36 classes were initially clustered and then reclassified based off of the
user’s instruction (Jensen, 1996).
Supervised Classification
Supervised classification relies heavily on prior knowledge of the number and
characteristics of the classes to be identified (Aydemir et al., 2004). The analyst locates specific
areas of interest (AOIs) that represent these classes. In land cover assessment of remotely sensed
data, these areas are called “training sites” (Jensen, 1996). Every pixel (both in and outside of the
areas of interest) is evaluated and assigned to the class that fits best (Jensen, 1996).
The Barrovian minerals that were found in thin section (chlorite, biotite, and garnet) were
analyzed using this classification. First, the original JPEG image was converted to an Imagine
image (.img). Several AOIs were taken (~25) and the average RGB values were added to a
signature file. These values were merged into one signature (which also includes the rest of the
values as separate classes) that can be applied to any image. Minerals that have the similar
spectral signatures can now be extracted out of any image using this signature.
The maximum likelihood technique was used when classifying the images. This
classification algorithm calculates the probability of a pixel belonging to each of the predefined
classes and then assigns the pixel to the class for which the probability is highest (Jensen, 1996).
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RESULTS
Initial Observation and Petrographic Analysis
Below are initial observations of the hand samples taken from the field as well as minerals and
structure determined in thin section by observation through the petrographic microscope.
Sample 1
Hand specimen: Fine-grained siltstone, shows no sign of deformation.
Petrographic Analysis: (Fig.13)
Minerals: Two sets of minerals primarily compose the rock.
1. Clay minerals - Very small grains
Grayish brown and grayish yellow (perhaps iron-stained) in PPL
Dark gray in XPL
2. Quartz-

Larger grains
Colorless in PPL
Various colors- blue, pink in XPL

Texture: The rock shows planar fabric.
Sample 2
Hand Specimen: Slate - greenish color with a sheen
Petrographic Analysis: (Fig. 14)
Minerals: Fine-grained, silt and shale components.
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1. Quartz domain- Silt sized quartz grains (lighter in color)
2. Clay domain (darker in color)
3. Chlorite
Texture: The quartz and clay minerals are separated into planes (high relief) which are
clearly deformed as seen in the foliation pattern. Foliation cuts through bedding.
Sample 3
Hand specimen: Graphite Shale, shows pencil cleavage (fractures along bedding that form
pencil-like fragments).
Petrographic Analysis: (Fig. 15)
Minerals:

1. Carbonaceous material (Graphite)
2. Quartz
3. Feldspar

Texture:

Bedding is seen to be planar. Crenulation cleavage/ foliation alters the planes.

The crenulations are mostly top to right but do vary.
Sample 4
Hand specimen: Graphite shale, porous.
Petrographic Analysis:
Minerals:

(Fig. 16)

1. Carbonaceous material (graphite)
2. Clay minerals
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Texture:

Planar Fabric.

Sample 5
Hand Specimen: Boyd’s gap pelite- collected with Metagraywacke (interbedded in the field)
Petrographic Analysis: (Fig. 17)
Minerals:

1. Quartz
2. Feldspar- Plagioclase
3. Clay minerals

Texture:

Large grains, almost schisty

Sample 6
Hand Specimen: Phyllite/ Schist
Petrographic Analysis: (Fig. 18)
Minerals:

1. Mica- (Muscovite/ Sericite)
2. Chlorite
Apparent iron-staining.

Textures: Crenulation cleavage. No distinct vergence.
Sample 7
Hand Specimen: Garnet Mica Schist; garnet crystals are easily detected and abundant.
Crenulation cleavage is visible. Two cleavages dip to the north and to the east (Fig. 19)
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Petrographic Analysis: (Fig. 20)
Minerals:

1. Garnet
2. Muscovite Mica

Texture:

Obvious crenulation cleavage. Not uniform throughout. The presence of the

garnet crystal disrupts the fabric of the mica minerals.
Sample 8
Hand Specimen: Schist
Petrographic Analysis: (Fig. 21)
Minerals:

1. Biotite
2. Other Mica, Muscovite

Texture:

The minerals are of uniform size and well-developed.

X-Ray Diffraction Analysis
In addition to petrographic analysis, it is important to have other methods for identifying
minerals. It is plausible that not all of the Barrovian minerals will be found in the collected rocks;
for example, the sample from Boyd’s Gap (Sample 5), although is in the biotite zone, may not
contain biotite.
Sample 1 -Muscovite and Quartz are identified. (Fig. 4)
Sample 2 – Muscovite, Quartz, and Clinochlore (Chlorite clay) are identified. (Fig. 5)
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Sample 3 – Muscovite, Quartz, and Clinochlore (Chlorite clay) are identified. (Fig. 6)
Sample 4 – Biotite’s peak intensities are displayed in red but do not match the pattern (Fig. 7).
Sample 5 – Quartz and Muscovite are identified (Fig. 8)
Sample 6 – Muscovite is identified. (Fig. 9)
Sample 7 - Muscovite and Chlorite are identified (Fig. 10)
Sample 8 - Muscovite and Biotite are identified (Fig. 11).

Analysis of Photomicrographs
Unsupervised Classification
Sample 1 will be used as an example to display the process of unsupervised
classification. For the rest of the samples, the final classified image will be displayed.
Fig. 13 and Fig. 22 displayed the PPL and XPL images of Sample 1 respectively. Fig. 23
displays the image after the Principal Component Analysis has been processed. The image is
now displayed as a monochromatic image (PCA1) with one single condensed band displayed.
Based on unaided observation, Sample 1 contains 5 different colored minerals and was therefore
determined to have 5 classes.
Each sample went through this process and each class was assigned its own color to create
thematic maps (Figs. 24 – 31). The purpose of this technique is to separate the minerals based
upon their reflectance values. Consequently, the rock’s fabric/ texture is revealed more visibly.
Quantification of light vs. dark minerals can easily be calculated as well.
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Supervised Classification
Each of the Barrovian minerals that was identified (chlorite, biotite, garnet) was the
reference for a signature file. Multiple AOIs were taken at a magnified view of each mineral
Chlorite, for example, has a distinguishing color in PPL (Fig. 32). The reflectance values were
recorded in the Signature editor and then merged (Fig. 34). Supervised classification then took
place using the maximum likelihood technique (Fig. 33). Garnet was treated in a similar fashion.
Two spectral values were recorded for garnet: in PPL and in XPL (Fig. 35-36). Since biotite is
pleochroic, a signature must be created for each extreme in color. Therefore, four spectral values
were set as the range for two signature files (two for PPL and two for XPL) (Figs. 41-42).
The average spectral value used for the signature (and even the range of spectral values
that the mineral displays) can be applied to all images suspected to contain this mineral. The
values can be extracted using either classification technique. As an example, the average value of
chlorite (R: 0.552 G: 0.549 B: 0.534) and garnet in PPL (R: 0.904 G: 0.881 B: 0.877) was
extracted out of a photomicrograph of Sample 7 using unsupervised classification and the
quantity of each mineral was calculated by dividing the selected number of pixels by the total
number of pixels in the image: ~24.5% chlorite and ~12.8% garnet (Fig. 46).

DISCUSSION
As each sample was analyzed and the Barrovian minerals identified, a problem arose that
must be addressed. How do you classify a pelite within a zone that does not contain the
correlating Barrovian mineral? The rocks from this study have such a problem, where biotite was
not identified in the samples from the biotite zone nor was staurolite in the staurolite zone.
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Consequently, the metamorphic zones must be defined in another way. The unsupervised
classification images function not only as a quantification of minerals based on reflectance
colors, they also reveal fabric/ patterns of minerals based on color, fabric and orientation. We can
see that while samples 4 and 5 are both in the biotite zone and do not contain the biotite mineral,
they have relatively similar fabrics. These samples’ fabrics compared to that of Sample 6, which
is technically also in the biotite zone, have no similarities. Sample 6’s texture and minerals
match more closely to Sample 7 although no garnet was found in the sample. Based on this
evidence, it is proposed that garnet isograd be moved to include the area where Sample 6 was
collected.
An advantage that this process has is that once the reflectance value of a mineral is
known, it can be extracted out of any image with the same conditions and quantified. However,
there are considerable limitations for this technique. The conditions for each image that is
evaluated must be the same in order for the quantifications to be accurate. Such conditions
include the microscope used, the microscope light intensity, the shutter speed of the camera,
thickness of thin section etc. Another limitation is the variety of behaviors of a single mineral
(birefringence or pleochroism). For example, biotite is pleochroic and therefore changes colors in
both PPL and XPL. This problem is not very significant as long as the user is aware of this. The
instances where biotite has the highest and lowest reflectance in both PPL and XPL were
recorded in the respective signatures and therefore set the range in which the mineral can show
these values. Also, garnet is isotropic, meaning that light passes directly through with no
reflectance. It shows the highest spectral value in PPL and the darkest in XPL. Consequently, the
computer will detect other things such as other colorless minerals, or extinct ones in XPL, or
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holes as seen in the supervised classification of garnet in cross-polarized light (Fig. 40). Again,
the user must be aware of this when making an analysis.

FUTURE RESEARCH
There is potential significance for continuation of this project. A GIS Index can be
developed (and added to when other samples are analyzed) to automatically apply to images.
Collection of samples from other areas, especially those in the regions where the ages of rocks
are controversial would be beneficial. Also, the use of a hyperspectral camera would be
interesting in image capture and classification. Instead of the three bands of RGB, hundreds of
bands would be available to define mineral characteristics and manipulate classes.

CONCLUSION
It is possible to classify rocks digitally based on their minerals characteristics, but it is
important to keep in mind that the user must have some reference in order to do so. First, manual
detection of the minerals is necessary. An XRD analysis was also helpful in confirming the
presence of minerals that were questionable under petrographic review. The use of ArcGIS and
ERDAS Imagine aided in the quantification of minerals and the visualization of rock fabrics. The
extraction of a mineral’s spectral values proved to be effective if the mineral’s characteristics
(primarily color) are unique enough to identify. In the case of these Ocoee Gorge rocks, the rock
fabrics that were displayed in thin section played just as big a role in classifying the isograds as
did the Barrovian index minerals.
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APPENDIX 1: Maps and Sample Locations

Fig. 1: Map showing the structural geology of the Blue Ridge. Red box indicates study area (From Tull
et al., 2012).
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Fig. 2: Geologic map showing the locations of the samples taken (red dots) as well as the metamorphic
isograds as determined by Hurst and Schlee (1963) and by Carpenter (1970). Isograds: Orange line:
Chlorite, Green line: Biotite, Red line: Garnet, Yellow line: Staurolite. Geologic Map of Tennessee:
State of Tennessee, scale 1:250,000, East-Central Sheet. Zoomed in to show U.S. 64 (Modified from
Hardeman, 1966)
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5 mi

Fig. 3: Sample locations and Isograds plotted on Google Earth image.
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APPENDIX 2: Powder XRD Scans

Fig. 4: XRD scan of Sample 1, showing accepted reference patterns.
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Fig. 5: XRD scan of Sample 2, showing accepted reference patterns.
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Fig. 6: XRD scan of Sample 3, showing accepted reference patterns.
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Fig. 7: XRD scan of Sample 4, showing accepted reference patterns.
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Fig. 8: XRD scan of Sample 5, showing accepted reference patterns.
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Fig. 9: XRD scan of Sample 6, showing accepted reference patterns.
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Fig. 10: XRD scan of Sample 7, showing accepted reference patterns.
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Fig. 11: XRD scan of Sample 8, showing accepted reference patterns.
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APPENDIX 3: Photomicrographs

Fig. 12: Chlorite in PPL in Sample 2.

Fig. 13: Sample 1 in PPL.
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Fig. 14: Sample 2 in PPL.

Fig. 15: Sample 3 in PPL.
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Fig. 16: Sample 4 in PPL.

Fig. 17: Sample 5 in XPL.
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Fig. 18: Sample 6 in XPL

Fig. 19: Hand specimen of Sample 7. Shows crenulation cleavage.
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Fig. 20: Sample 7 in PPL.

Fig. 21: Sample 8 in PPL.
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APPENDIX 4: Unsupervised Classification

Fig. 22: Sample 1 in XPL.

Fig. 23: PCA1 for Sample 1.
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Fig. 24: Unsupervised classification of Sample 1 PCA1. The green shows the minerals with the highest
reflectance, the blue, then purple, and red shows the darkest minerals.

Fig. 25: Unsupervised classification of Sample 2 PCA1. The red represents the lightest minerals and
the blue represents the darkest.
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Fig. 26: Unsupervised classification of Sample 3 PCA1. The green represents dark minerals whereas
the blue represents the light minerals.

Fig. 27: Unsupervised classification of Sample 4 PCA1. The red represents the dark minerals whereas
the pink represents the light minerals.
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Fig. 28: Unsupervised classification of Sample 5 PCA1. The pink represents light minerals, then the
yellow and then blue represents the darkest minerals

Fig. 29: Unsupervised classification of Sample 6 PCA1. The purple represents the darkest minerals
whereas the yellow represents the lightest minerals.

Beitel 46

Fig. 30: Unsupervised classification of Sample 7 PCA1. The red represents the darker minerals and the
green represents the lighter minerals.

Fig. 31: Unsupervised classification of Sample 8 PCA1. The purple represents the darkest minerals,
then blue, and orange represents the lightest minerals.
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APPENDIX 5: Supervised Classification

Fig. 32: Chlorite reference. 25 AOIs were taken.
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Fig. 33: Supervised classification of chlorite (green).
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Fig. 34: Signature file for chlorite (unmerged) in PPL.

Fig. 35: Signature file for garnet (unmerged) in PPL.
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Fig. 36: Signature file for garnet (unmerged) in XPL.
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Fig. 37: Sample 7 in PPL. Reference for PPL garnet signature file. Note
AOIs.

Fig. 38: Sample 7 in XPL. Reference for XPL garnet signature. Note AOIs.

Beitel 52

Fig. 39: Supervised classification of garnet (Sample 7 image) with the PPL signature.

Fig. 40: Supervised classification of garnet (Sample 7 image) using the XPL signature.
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Fig. 41: Signature file for biotite in PPL. Classes 1-10 are the extreme (low) of the range of values and
classes 11-20 are the other (high) values.

Fig. 42: Signature file for biotite in XPL. Classes 11-22 are the extreme (high) values of the range and
classes 12-22 are the other (low) values.
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Fig. 43: Sample 8 in XPL. Reference for XPL biotite (high values of range of
pleochroic colors). Note AOIs.
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Fig. 44: Classification (using the PPL signature) of biotite in sample 8 in PPL.

Fig. 45: Classification of biotite (using the XPL signature) in sample 8 in XPL.
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Fig. 46: Classification of sample 7 image (Fig. 21) of chlorite (green) and garnet
(red). Percentages of each mineral was calculated by taking the number of
selected pixels and dividing by the total number of pixels in the image. There is
~24.5% chlorite and ~12.8% garnet.

